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Abstract
Background—Reference limits for echocardiographic quantification of cardiac chambers in 
Hispanics are not well studied.
Methods and Results—We examined the reference values of left atrium (LA) and ventricle 
(LV) structure in a large ethnically diverse Hispanic cohort. Two-dimensional transthoracic 
echocardiography was performed in 1,818 participants of the Echocardiographic Study of Latinos 
(ECHO-SOL). Individuals with body mass index ≥30kg/m2, hypertension, diabetes mellitus, 
coronary artery disease and atrial fibrillation were excluded leaving 525 participants defined as 
healthy reference-cohort. We estimated 95th weighted percentiles of LV end systolic volume, LV 
end diastolic volume, relative wall and septal thickness, LV mass and left atrial volume. We then 
used upper reference limits of the 2005 and 2015 American Society of Echocardiography (ASE) 
and 95th percentile of reference cohort to classify the Hispanic Community Health Study/Study of 
Latinos (HCHS/SOL) target population into abnormal and normal. Reference limits were also 
calculated for each of 6 Hispanic origins. Using ASE 2015 defined reference values we 
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categorized 7%, 21%, 57% and 17% of males and 18%, 29%, 60% and 26% of females as having 
abnormal LV mass index, relative, septal and posterior wall thickness, respectively. Conversely, 
10%, and 11% of males and 4% and 2% of females were classified as having abnormal end-
diastolic volume and internal diameter by ASE 2015 cut-offs, respectively. Similar differences 
were found when we used 2005 ASE cut offs. Several differences were noted in distribution of 
cardiac structure and volumes among various Hispanic/Latino origins. Cubans had highest values 
of echocardiographic measures and Central Americans had the lowest.
Conclusions—This is the first large study that provides normal reference values for cardiac 
structure. It further demonstrates that a considerable segment of Hispanic/Latinos residing in US 
may be classified as having abnormal measures of cardiac chambers when 2015 and 2005 ASE 
reference cut-offs are used.
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Echocardiography has become the dominant cardiac imaging technique for evaluation of 
cardiac structure and function. An assumption of reliability and validity underlies all 
medical tests and echocardiography is no exception. The definition of “abnormal” relies on 
the definition of “normal” and needs to acknowledge normal physiological variation that 
may arise from factors such as body size, gender, and ethnicity. Reference standards are 
commonly used in echocardiography to identify abnormal cardiac chamber dimensions, 
function, and ventricular mass in patients. The American Society of Echocardiography 
(ASE) has provided recommendations for chamber quantification in 2005 which are recently 
updated.1, 2 This guidance is mainly based upon studies using Non-Hispanic Caucasians, 
with small numbers of African American and Native American samples and no inclusion of 
Hispanics.3, 4 The existing literature suggests a significant difference in left ventricular mass 
between Non-Hispanic whites and Hispanics.5
To the best of our knowledge, there is no study that has evaluated echocardiographic 
reference standards of cardiac structure and geometry of middle aged men and women of 
Hispanic Origin in United States representative of the six major US Hispanic groups. In this 
regard, the Echocardiographic Study of Latinos (Echo-SOL) is the largest community-based 
echocardiographic cohort of Hispanics representative of 6 major Hispanic groups. The aim 
of this analysis was to examine the reference limits of left ventricle and left atrium chambers 
quantified by 2-dimensional echocardiography in a cohort of healthy middle aged men and 
women of Hispanic origin. We also compared these reference limits with the currently 
accepted 2005 and 2015 chamber quantification ASE guidelines.
Methods
Study Population and Settings
The Hispanic Community Health Study / Study of Latinos (HCHS/SOL) is a population-
based longitudinal cohort study designed to examine multiple aspects of chronic disease 
affecting the Hispanic/Latino population of the United States. Details of sample design and 
cohort selection have been published previously. 6, 7 Briefly, diverse Hispanic/Latinos (N = 
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16,415) ages 18-74 and residing in four U.S. metropolitan areas (Bronx, NY; Chicago, IL; 
Miami, FL; and San Diego, CA) were recruited between 2008 and 2011. Ineligibility criteria 
for the HCHS/SOL included being on active military service, not currently living at home, 
planning to move from the area in the next six months, unable to complete the study in 
English or Spanish, or unable to attend the clinic examination.
The ECHO-SOL was designed to provide echocardiographic parameters characterizing 
cardiac structure and function in a representative baseline subsample of the HCHS/SOL 
population 45 years of age or older. The ECHO-SOL used a stratified sampling design to 
assure that ECHO-SOL represents not only the overall HCHS/SOL population but also the 
Hispanic subgroup distribution found in HCHS/SOL. A detailed description of the design, 
rational and methods has been described elsewhere.8
Potential participants for Echo-SOL were identified through their participation in HCHS-
SOL. Eligibility criteria for inclusion in Echo-SOL were as follows: age 45 years or older, 
self-reported Hispanic background of Mexican, Puerto Rican, Cuban, Dominican, Central 
American or South American, and 36 months or fewer from date of baseline visit. Using 
this, a list of eligible participants was generated by the University of North Carolina at 
Chapel Hill; the HCHS-SOL Data Coordinating Center. Methods utilized to recruit eligible 
participants included: direct mailing and phone calls, as well as partnering with other HCHS 
ancillary studies. The Institutional Review Board (IRB) at Wake Forest School of Medicine 
(WFSM) and IRBs at each study site provided approval and oversight of all study materials 
and activities.
Echocardiographic Measurements
To maintain consistency across sites only one ultrasound imaging platform was used: Philips 
Ultrasound IE-33 or Sonos 5500/7500 interfaced with a standard 2.5- to 3.5-MHz phased-
array probe, according to the recommendations of the ASE. At each field imaging center, 
standard echocardiography ultrasound examination was performed which included; M-
mode, two-dimensional (2D), spectral, color flow and tissue Doppler study. With the 
subjects in partial left decubitus and breathing normally, images are obtained, together with 
a simultaneous ECG signal, along the parasternal long and short axes and from the apical 4- 
and 2-chamber long-axis views.1
2D-echocardiography was used to image the LV in the parasternal long axis view. Left 
ventricular chamber size and wall thickness were assessed by using 2D measurements. 2D 
method for determining LVM is widely used, has shown excellent reliability, and has been 
well validated in autopsy studies.9, 10
We elected to use chamber dimensions featured in the ASE 2005 and 2015 reference 
documents for comparison to data from our study population. These included left ventricular 
mass indexed to body surface area (LVM/BSA, LVMI), left atrial volume index (LAVI), left 
ventricular end diastolic volume (LVEDV), left ventricular end-systolic volume (LVESV), 
septal thickness (IVISd), left ventricular posterior wall thickness (LVPWd), left ventricular 
internal diameter during diastole (LVIDd), and relative wall thickness (RWT). The RWT 
was measured by the formula 2 * LVPWd/LVIDd. 2D imaging of the LV was performed 
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from the parasternal long axis, parasternal short axis (basal, mid and apical), apical four-
chamber, apical two-chamber, and apical long-axis views. The goal of these recordings was 
to obtain in each view the best possible 2D images of the LV endocardium without 
foreshortening of the LV cavity or echo ‘drop out.’
Data management and quality control
For echo data archiving and analysis, we customized a Philips Xcelera® software template 
with our desired ECHO-SOL measured and derived echocardiographic variables. All 
ECHO-SOL echocardiograms were read by a registered diagnostic cardiac sonographer 
certified technical reader and over-read by a Board Certified cardiologist with core 
cardiovascular training statement level 3 advanced training in echocardiography and 
National Board of Echocardiography Certification in Comprehensive Adult 
Echocardiography (CJR). Over-reads of echocardiograms were performed to confirm the 
accuracy of key quantitative measurements and to identify clinically important findings. 
Each study was approved prior to the study data being finalized for transfer to the 
Coordinating Center. Inter- and intra-reader reproducibility regarding standard 2D 
echocardiography parameters were assessed. Each study was read by the sonographer and 
then over-read by a cardiologist. Discrepancies were resolved at the same time to achieve 
mutual consensus. For the purpose of quality control, 56 studies were randomly selected for 
assessing inter- and intra-reader variability and inter-class correlation (ICC) data were 
shown previously.11 For the inter-reader reproducibility, ICC values ranged from 0.80 to 
0.99 with left atrial volume and left ventricular end-diastolic volumes having the highest 
ICC values (both = 0.97-0.99) in inter-reader assessment. The intra-reader reproducibility 
values were slightly better than inter-reader values for all measures.
Statistical Analysis
We applied survey methods using sampling weights to provide weighted frequencies of 
descriptive variables and population estimates. Clinical and sociodemographic 
characteristics of the study population are presented as mean (standard error, SEs) for 
continuous variables and as proportions for categorical variables. Differences in these 
characteristics by sex were evaluated with the t-test and the Rao-Scott chi-square test for 
continuous and categorical variables respectively.
Of the 1,818 participants, a healthy subgroup of 525 (29%) participants were selected as the 
reference sample based on the following criteria: systolic blood pressure <140 mm Hg, 
diastolic blood pressure < 80 mmHg, no history of drug-treated hypertension, no diagnosis 
of diabetes, fasting glucose <126 mg/dL, body mass index <30 kg/m2, creatinine <1.3 
mg/dL, estimated glomerular filtration rate >60mL/min/1.73m2 and no self-reported history 
of CHD. For each echocardiographic variable we calculated summary statistics including 
25th, 90th, 95th, and 99th percentile values within the reference sample. The 95th percentile 
value was used as the reference upper limit for the specific echocardiographic variables. We 
classified these reference values according to sex and Hispanic/Latino background group 
specific percentiles. Using the SAS SURVEYREG procedure, we compared normative 
values of each of the Hispanic/Latino subgroup with Mexican subgroup and p-values were 
provided. We also compared echocardiographic measures of Caribbean – Hispanics (Puerto 
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Ricans, Dominicans and Cubans) to the rest of the Hispanic subgroups and p-values were 
provided. To assess the proportion of individuals from HCHS/SOL target population (full 
cohort of ECHO-SOL study) that would have categorized as abnormal based on ASE 2005 
and 2015 document vs. our derived reference limits, we applied the 2005 and 2015 sex-
specific ASE chamber quantification cutoffs and our derived sex-specific normal reference 
cutoffs to HCHS/SOL target population to compare estimates of abnormal cardiac structure 
and function for the specific echocardiographic variables. All statistical analyses were 
performed with SAS software v. 9.3 (SAS Institute, Cary, NC) and weighted to adjust for 
sampling probability and non-response.
Results
A total of 525 out of 1,818 participants were included in the healthy target population. 
Clinical characteristics of HCHS/SOL target population and healthy ECHO-SOL target 
population are given in Table 1. In the overall target population, the mean age was 56 years 
and the target population consisted of mostly females (65%). Hispanics with Mexican 
background were highest in number (25%) and Hispanics with South American background 
were the fewest (8%). Overall target population was more likely to be older, female, 
dyslipidemic, have higher systolic and diastolic blood pressure, fasting blood glucose, total 
cholesterol, body mass index and lower HDL.
In the healthy target population, values of the 95th percentile cutoff were smaller in women 
than in men for LVMI, LVESV, LVEDV, RWT, IVISd, LVPWd and LVIDd. (Tables 
2)These measures were significantly different between males and females (p <0.001) except 
RWT. All values were smaller in women except LAVI, which was larger in women than 
males (p<0.001). The 95th percentile cutoffs by Hispanic/Latino background are given in 
Table 3. Compared to Mexican individuals, Cuban individuals had the highest values of 
LVMI, IVISd, LVPWd, RWT, LVIDd, LVESV and LVEDV, (p<0.001) while Central 
American individuals had the lowest 95th percentile cutoffs of these echocardiographic 
measures (Table 3). When Puerto Ricans, Dominicans and Cubans were collectively 
classified as Caribbean – Hispanics and the echocardiographic measures were compared 
with the rest of the Hispanic/Latino subgroups; we found that except LVMI (p = 0.13) and 
LVIDd (p = 0.60), IVISd, LVPWd, RWT, LVESV and LVEDV were significantly higher 
while LAVI was significantly lower (p for all <0.001).
In both sexes, the 95th percentile of cardiac measurements for LVMI, IVISd, LVPWd and 
RWT were higher than upper limit of the normal ranges of ASE 2005 and 2015 (Table 4). 
The 95th percentiles derived for both sexes in Hispanic/Latinos were lower than the upper 
reference limits given by ASE 2005 and ASE 2015 documents for LVEDV and LVIDd. The 
95th percentile of LVESV was also lower for both sexes than ASE 2015 document but only 
females LVESV was lower than ASE 2005 specified upper limit.
The 95th percentiles of LAVI in both sexes were higher than those specified in ASE 2005 
but similar to those specified in ASE 2015 document. The 95th percentile of LVESV for 
males was similar to that of ASE 2005 upper limit but was lower than upper limit specified 
by ASE 2015 document.
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When the upper 2 standard deviation cut offs of ASE 2005 and 2015 guidelines, as well as 
95th percentile cut off derived from healthy ECHO-SOL cohort, were used to categorize the 
HCHS/SOL target population into abnormal and normal, we identified significant 
differences for males and females (Figures 1 and 2). Using ASE 2015 defined reference 
values we categorized ECHO/SOL cohort as having abnormal LVMI, RWT, IVISd and 
LVPWd in 7%, 21%, 57% and 17% of males and in 18%, 29%, 60% and 26% of females, 
respectively. Conversely, 10%, and 11% in males and 4% and 2% in females were classified 
as having abnormal LVEDV and LVIDd by ASE 2015 cut offs, respectively. Similar 
differences were found when we compared 2005 ASE cut offs. Overall females were more 
likely to be classified as having abnormal measures of cardiac structure than males such as 
(LVMI, RWT, IVISd and LVPWd) and males were more likely to be categorized as having 
abnormal measures of LV volume (LVEDV, LVESV and LVIDd).
Discussion
To the best of our knowledge, there have been no other large scale studies examining normal 
echocardiographic chamber dimensions in healthy Hispanic/Latinos in the US. In this study 
of healthy participants of ECHO-SOL, we examined the distribution of echocardiographic 
measures of left ventricle and left atrium in a healthy cohort and then used the derived 
values to identify abnormal values in the full cohort. We also used the suggested cut off 
values from the 2005 and 2015 ASE guidelines to differentiate abnormal values for the 
Hispanic/Latino cohort. Gross differences were observed in reference limits for Hispanics/
Latino compared with ASE chamber quantification guidelines. Both 2005 and 2015 ASE-
suggested cut-offs underestimate the measures of LVMI, IVISd, and RWT. In contrast, these 
thresholds overestimated the measures of LVEDV, LVIDd and LVPWd in both males and 
females. These observations depict relatively “thicker and smaller” healthy hearts in 
individuals with Hispanic/Latino origin compared to ASE guidelines defined reference 
values. Furthermore, appreciable differences in cardiac chamber measures were noted 
between participants with different Hispanic/Latino origins.
The current recommended echocardiographic reference ranges, jointly published by the 
American Society of Echocardiography and the European Association of Echocardiography, 
were an important advance in quantitative echocardiography. Many of these studies, utilized 
in the guideline meta-analyses were performed over three to four decades ago with early 
generation echo technology and acoustic windows that may have improved significantly 
over time. Hence, the measures from these older studies may not accurately represent the 
normative values of the present day. 12
This study adds to the growing discrepancy regarding ethnic-based reference limits. These 
differences have been highlighted by the EchoNormal study, a meta-analysis of left heart 
reference ranges inclusive of a diverse world population.13 In the weighted analysis of the 
cohort of Hispanic/Latino individuals, the current study demonstrates that males and females 
might be inappropriately classified into abnormal categories based on using reference limits 
provided by ASE chamber quantification guidelines. The study also confirms the prior 
literature showing racial differences in cardiac chamber dimensions.14 This observation, in 
part, has been attributed to the higher burden of cardiovascular risk factors especially, in the 
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case of non-Hispanic blacks who are known to have a higher prevalence of hypertension, a 
higher left ventricular mass and higher degree of abnormal left ventricular geometry than 
non-Hispanic whites.15 These differences may partially account for the increased 
cardiovascular mortality among non-Hispanic blacks.16 Although the participants in the 
current study are healthy, they demonstrated higher left ventricular mass than that of the 
ASE cut offs.
A prior study of Hispanic/Latinos reported that individuals with Puerto Rican background 
have the highest degree of cardiovascular risk factors and hypercholesterolemia was most 
common in individuals with Central American background.17 The current study observed 
that individuals with Cuban background with higher values of all left ventricular and atrial 
measurements with Central American background exhibited the lowest values. Thus, risk 
factors alone might not be the only plausible explanation for these findings.
Ethnic variations in cardiac structural measures by echocardiography have significant 
impact on clinical decision-making. American College of Cardiology, American Heart 
Association and European Society of Cardiology guidelines for management of valvular 
heart disease rely heavily on chamber quantification and suggest management based on 
various cut offs.18, 19 This study shows potential underestimation of left ventricular end 
diastolic volume and internal diameter implicating lower cut off values for Hispanics/
Latinos when considering valvular heart disease management, especially the timing of 
surgery. The Joint National Committee on prevention, detection, evaluation and treatment of 
high blood pressure has suggested evaluation of left ventricular hypertrophy in all 
hypertensive patients to identify end – organ damage and to be more aggressive in 
management of these patients.20 Using the cut offs for septal wall thickness or left 
ventricular mass will lead to overestimation of individuals with ventricular hypertrophy 
which may lead to unnecessary therapy to prevent further end – organ damage. There are 
differences in cardiac structure with highest degree of left ventricular mass, thickness and 
volumes noted in Cubans.
There are several limitations of this study. A direct comparison to the ASE reference ranges 
is not plausible for all cardiac dimensions examined. Those reference ranges were obtained 
through a combination of means with standard deviations (septal wall thickness, LV mass, 
LV dimensions / volumes, LA dimensions / volumes), trying to correlate chamber 
dimension with risk of an adverse event (LV mass, LV dimensions, LA volumes), and 
expert opinion (septal wall thickness, LA volumes). Previous studies in immigrants from 
various origin countries have shown that the incidence for certain diseases and behaviors 
will begin to resemble those of the population of their new home country in a process called 
acculturation. There has been an observed increase in the prevalence of diabetes mellitus 
with acculturation in Hispanics/Latinos not of Mexican origin.21 Increased acculturation and 
second-generation participants in the HCHS/SOL population have been found to have a 
higher prevalence of cardiovascular disease and cardiovascular disease risk factors.17 This 
initial analysis does not differentiate between first or subsequent generations of immigrant 
nor control for the degree of acculturation. It is noteworthy that the derived reference values 
are for individuals >45 years of age and cannot be generalized to adults <45 years of age. 
Adults >45 are known to have differences in cardiac chambers and thus, use of these 
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normative values are not suitable for use in younger adults. Defining echocardiographic 
parameters, nonetheless, based on country of origin and degree of acculturation appears too 
specific to be useful to implement with regards to standardized guidelines. We used 95th 
percentile as the cut off for abnormal values, while historically, it was not used due to the 
absence of a large patient population sample size. In addition, we did not use outcomes to 
define the abnormal values here and it is possible that lower levels of LV structure and 
function in Hispanics/Latinos might be associated with outcomes. We also performed 
weighted analyses where the echocardiographic reference limits in participants of ECHO-
SOL were generalized to the whole HCHS/ SOL target population, providing us with robust 
percentile estimates. When assessing participants from Central and South America only a 
small percentage of participants were derived from these geographical areas (8% and 11%, 
respectively), thus only a relatively small number of participants are used to generate the 
reference values for these sub-populations. This smaller number could bias the normative 
values and thus it is possible that in a larger sample, the normative values of these groups 
differ from this study.
In conclusion, we examined the distributions of various echocardiographic chamber 
measures in a large cohort of Hispanics/Latinos individuals. These measures seemed to be 
disparate from the measures normally used in echocardiographic laboratories based on ASE 
chamber quantification guidelines. Further research is needed to identify the risk related cut 
offs in Hispanics/Latinos as this segment of US population continues to grow.
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Clinical Perspective
Hispanics are the largest ethnic minority in United States. Even though Hispanic/Latinos 
are considered to be a single ethnic group, they are composed of individuals from diverse 
geographic backgrounds. These individuals differ not only in their ancestry but also in 
terms of cardiac structure from white non – Hispanics. However, the current guidelines 
for measurement of cardiac structure recommended by the American Society of 
Echocardiography (ASE) are derived mainly from white non – Hispanic populations. 
There is limited literature regarding normative echocardiographic measures of cardiac 
chambers. Our study demonstrates normal cardiac chamber measures obtained from a 
healthy subgroup of Echo-SOL cohort and then compares these derived normative values 
with 2005 and 2015 ASE recommended chamber quantification cut offs in a cohort of 
1,818 Hispanic/Latinos. We not only identified significant differences between normative 
Hispanic/Latino cut offs and guidelines' based cut offs but also among cut offs of six 
Hispanic subgroups. We examined these differences between Mexicans, Central 
Americans, South Americans, Dominicans, Puerto Ricans and Cubans. The study 
emphasizes the need for ethnic specific cut offs for normal echocardiographic measures 
of chambers and highlights differences in echocardiographic measures within Hispanic 
subgroups. This is important clinically as some individuals may get classified as 
abnormal despite having normal echocardiographic measures and vice versa.
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Figure 1. Proportion of participants of HCHS/SOL target population categorized as abnormal 
by upper cut offs of three different criteria in males
LVMI – ratio of left ventricular mass to body surface area; LAVI – left atrial volume; 
LVEDV – left ventricular end diastolic volume; LVESV – left ventricular end systolic 
volume; IVISd – interventricular septal diameter; RWT – relative wall thickness; LVPWd – 
left ventricular posterior wall diameter; LVIDd – left ventricular internal diameter in 
diastole
ASE 2005, 2005 American society of echocardiography 2005 chamber quantification 
guidelines; ASE 2015, 2015 American society of echocardiography 2005 chamber 
quantification guidelines; ECHO-SOL, chamber quantification cut offs based on healthy 
subcohort of ECHO-SOL
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Figure 2. Proportion of participants of HCHS/SOL target population categorized as abnormal 
by upper cut offs of three different criteria in females
LVMI – ratio of left ventricular mass to body surface area; LAVI – left atrial volume; 
LVEDV – left ventricular end diastolic volume; LVESV – left ventricular end systolic 
volume; IVISd – intrerentricular septal diameter; RWT – relative wall thickness; LVPWd – 
left ventricular posterior wall diameter; LVIDd – left ventricular internal diameter in 
diastole
ASE 2005, 2005 American society of echocardiography 2005 chamber quantification 
guidelines; ASE 2015, 2015 American society of echocardiography 2005 chamber 
quantification guidelines; ECHO-SOL, chamber quantification cut offs based on healthy 
subcohort of ECHO-SOL
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Table 1
Clinical characteristics of ECHO-SOL target population
Clinical characteristics Overall Target Population (unweighted N = 1818)
Healthy Target Population (unweighted N = 
525)
Age (years)* 56 (0.5) 53 (0.5)
Males‡ 631 (35%) 177 (34%)
Body mass index (kg/m2)* 30.1 (0.1) 25.9 (0.1)
Body surface area (m2)* 1.8 (0.1) 1.8 (0.1)
Systolic blood pressure (mmHg)* 136.2 (1.0) 129.6 (1.0)
Diastolic blood pressure (mmHg)* 77.9 (0.7) 76.0 (0.7)
Smoking‡
 Current 304 (17%) 101 (19%)
 Former 443 (24%) 112 (21%)
 Never 1069 (59%) 311 (59%)
Fasting blood glucose (mg/dL)* 102.2 (0.4) 93.4 (0.4)
Dyslipidemia‡ 722 (40%) 180 (34%)
High density lipoprotein (mg/dL)* 50.4 (0.7) 52.9 (0.7)
Total cholesterol (mg/dL)* 208.6 (2.3) 207.1 (2.3)
Hispanic groups
 Mexican‡ 458 (25%) 162 (31%)
 Puerto Rican‡ 348 (19%) 86 (16%)
 Cuban‡ 356 (20%) 94 (18%)
 South American‡ 150 (8%) 59 (11%)
 Central American‡ 176 (10%) 44 (8%)
 Dominican‡ 326 (18%) 78 (15%)
*
Means with standard error of continuous variables expressed,
‡Unweighted N and percentages are expressed for categorical variables
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